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ABSTRACT 


A total of 17-1/2 stereopairs of lunar sur- 
face rocks and soil was taken on the Apollo 14 
mission. The closeup stereopair photographs 
are presented with a preliminary interpretation 
for further study by those interested in lunar 
soil formation, impact phenomena, and soil 
mechanics. 



LUNAR SURFACE CLOSEUP STEREOSCOPIC PHOTOGRAPHY 


AT FRA MAURO (APOLLO 14 SITE) 

By W. David Carrier, III, and Grant Heiken 
Manned Spacecraft Center 


SUMMARY 


On the Apollo 14 mission, a total of 17-1/2 stereopairs of various surfaces was 
returned. Two stereopairs are of the track in the lunar soil left by a wheel of the mod- 
ular equipment transporter, or "rickshaw, " that Astronauts Alan B. Shepard and 
Edgar D. Mitchell used on their traverses to carry all of their tools and equipment. 
Three stereopairs are of astronaut bootprints in the lunar soil. Seven stereopairs are 
of samples of thermal coatings taken in support of the thermal degradation samples 
experiment. Two stereopairs are of undisturbed lunar soil exhibiting a "raindrop" 
texture, and the remaining 3-1/2 pairs are of the surfaces of rocks that are partially 
obscured by lunar soil. 


INTRODUCTION 


Closeup photographs of soil and rock in place on the lunar surface were obtained 
during the Apollo 14 mission by means of the Apollo lunar surface closeup camera 
(ALSCC). The ALSCC is a stereoscopic camera with an internal strobe light, capable 
of photographing an area 72 by 82.8 millimeters and of resolving objects as small as 
0. 085 millimeter in diameter. The ALSCC, build under contract to NASA Manned 
Spacecraft Center (MSC), was also used on the Apollo 11 and 12 missions. 


CLOSEUP STEREOSCOPIC PHOTOGRAPHY 


All of the photographs were taken by Astronaut Shepard on the second traverse. 
Figure 1 shows the ALSCC mounted on the modular equipment transporter (MET), and 
table I identifies all stereopairs. The first four pairs were taken at a location midway 
between the lunar module (LM) and station A on their traverse (fig. 2), while the crew 
paused to check their route. The next 11 pairs were taken in the vicinity of station A. 
An additional pair was probably taken at station A as well. The unexposed pair was 
probably taken at station B2, and the last 1-1/2 pairs were taken at the LM just before 
the film was removed from the camera. Although photographs at other locations along 
the traverse had been planned, no additional shots could be taken because of a shortage 
of time. 


On the Apollo 11 and 12 missions, most of the closeup stereoscopic photographs 
were taken very near the LM, where the surfaces had been affected by the rocket ex- 
haust of the LM during the landing. All of the Apollo 14 photographs, except for the 
last 1-1/2 pairs, were located at some distance from the LM in areas not affected by 
gases from the LM descent engine. Details concerning the camera as well as descrip- 
tions of the Apollo 11 mission photographs may be found in references 1 and 2. The 
Apollo 12 photographs are in references 3 and 4. 


THERMAL DEGRADATION SAMPLES EXPERIMENT 


The purpose of the thermal degradation samples (TDS) experiment was to evaluate 
the effect of lunar dust on the optical properties (absorptivity and emissivity) of a dozen 
candidate thermal coatings. These coatings may be used in subsequent lunar missions 
on such items as the lunar communications relay unit, the lunar roving vehicle, the tel- 
evision camera, and the Apollo lunar surface experiments package. Thus, it was 
deemed important to measure the degradation of optical properties after exposure to 
lunar dust. Two duplicate arrays (serial numbers 1001 and 1002), each containing 
samples of the 12 thermal coatings (table n(a)), were taken to the moon. Astronaut 
Shepard took a series of seven stereopairs (table n(b)) of the arrays for three conditions: 
pristine, that is, not exposed to lunar dust; soil sprinkled on the arrays; soil brushed 
off the arrays. The arrays were then packaged and returned to earth for extensive ex- 
amination and testing. 


THE STEREOPAIRS 


The complete stereopairs are reproduced in black and white (figs. 3 to 21) in nat- 
ural scale so that any measurements can be made directly without a scale change. 

There is, however, a 2:1 depth exaggeration. Investigators desiring color stereopairs 
may order them from: Goddard Space Flight Center, Greenbelt, Maryland 20721. 

A sundial located on the ALSCC permitted Astronaut Shepard to report the orien- 
tation of most of the photographs; lunar north is indicated for these stereopairs. 

Where appropriate, comments made by the crewmembers while the photographs 
were being taken have been included with each stereopair. Ground elapsed time (g.e.t.) 
for the Apollo 14 mission is shown in days:hours:minutes:seconds. 


CONCLUDING REMARKS 


This photography is the first close look at undisturbed lunar regolith surfaces. 
Closeup photography from the Apollo 11 and 12 lunar landing sites was taken in areas 
disturbed by LM descent engine exhaust. 

The astronauts described the surface at the Apollo 14 lunar landing site as pow- 
dery (also visible in 70-millimeter photography). The surface is covered with loose 


2 



and partly buried, equant aggregates of soil and fragments of fragmental rocks, of less 
than 0 1 to several millimeters in diameter. The equant aggregates give the powdery 
appearance to the surface. Within the resolution of the photography, no individual 
grains were visible. The coherence of these aggregates is easily destroyed, as can 
be seen in the photographs of modular equipment transporter and boot tracks. 

Although the behavior of the lunar soil at the Apollo 14 landing site is qualitatively 
similar to that of the soil at the Apollo 11 and 12 lunar landing sites, the cohesion ap- 
pears to be slightly less. Yet, this cohesion is still relatively stronger than the adhe- 
sion and produces clean, distinct impressions of any object placed against it. 

The "raindrop" patterns noticed by the astronaut are pits formed by the impact of 
micrometeorites into the lunar soil. This photography is excellent documentation of the 
"raindrop" effect and should be studied further by investigators interested in crater 
morphology. 

Photographs of the contact between the soil surface and rocks buried in the soil 
demonstrated that many of the rocks are partly covered with soil ejected from nearby 
impacts of all magnitudes and that a pileup or "fillet" can form when a debris cloud 
sweeps by a rock projecting from the surface. 

This paper is just a preliminary look. Hopefully, some of the investigators inter- 
ested in the morphology of the regolith surface will use these photographs to aid their 
studies of lunar soil formation and impact phenomena. 


Manned Spacecraft Center 

National Aeronautics and Space Administration 
Houston, Texas, January 6, 1972 
640-03-01 -DJ-72 
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TABLE I. - LUNAR SURFACE CLOSEUP CAMERA STEREOSCOPIC PHOTOGRAPHS 


Description 

NASA photograph no. 

Frame no. 

Figure no. 

MET track 

AS14-77-10357 

301 

3 

MET track 

AS14-77-10358 

302 

4 

Astronaut bootprint 

AS14-77-10359 

303 

5 

Astronaut bootprint 

AS14-77-10360 

304 

6 

TDS experiment 

AS14-77-10361 

305 

7 

TDS experiment 

AS14-77-10362 

306 

8 

TDS experiment 

AS14-77-10363 

307 

9 

TDS experiment 

AS14-77-10364 

308 

10 

TDS experiment 

AS14-77-10365 

309 

11 

TDS experiment 

AS14-77-10366 

310 

12 

TDS experiment 

AS14-77-10367 

311 

13 

Undisturbed soil 

AS14-77-10368 

312 

14 

Bootprint 

AS14-77-10369 

313 

15 

Undisturbed soil 

AS14-77-10370 

314 

16 

Soil-covered rock surface 

AS14-77-10371 

315 

17(a) 

Soil-covered rock surface 

AS14-77-10372 

316 

18 

Unexposed 


317 


Soil-covered rock surface 

AS14-77-10373 

318 

20 

Soil-covered rock surface 

AS14-77-10374 

(half) 

319 

21 
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TABLE II. - THERMAL DEGRADATION SAMPLES EXPERIMENT 
(a) Coating materials tested 


Block no. 

Thermal coating sample 

1 

White paint, S-13G 

2 

White paint, Z-93, zinc oxide and potassium silicate 

3 

White paint, Goddard MS-74 

4 

Vacuum-deposited silver and Inconel on Teflon with 
Teflon side exposed 

5 

Vacuum -deposited silver on quartz with quartz side 
exposed 

6 

White paint, Dow-Corning 92-007, titanium dioxide 
and silicone 

7 

White paint, Cat-a-lac White, titanium dioxide and 
epoxy 

8 

White paint, 3M White Velvet (400 series), titanium 
dioxide and epoxy polyester 

9 

White fabric, Dacron on aluminized Mylar laminate 

10 

Oxidized silicon monoxide over vacuum -deposited 
aluminum on Kapton with oxidized silicon monoxide 
side exposed 

11 

Vacuum -deposited aluminum on Kapton with Kapton 
side exposed 

12 

Anodized 6061 aluminum MIL-A-8625, type II, class I 








TABLE n. - THERMAL DEGRADATION SAMPLES EXPERIMENT - Concluded 

(b) Photograph summary 


Figure no. 

Thermal degradation 
samples array serial no. 

Description 

7 

1002 

Pristine blocks, 9 to 12 

8 

1002 

Soil sprinkled on blocks 1 to 6 

9 

1002 

Soil sprinkled on blocks 7 to 12 

10 

1002 

Soil brushed off blocks 1 to 6 

11 

1002 

Soil brushed off blocks 7 to 12 

12 

1001 

Soil sprinkled on blocks 1 to 6 

13 

1001 

Soil sprinkled on blocks 9 to 12 
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Figure 1. - Astronaut Shepard at point A (NASA no. AS14 -68-9405). 
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DESCRIPTION OF FIGURE 2 
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Figure 2. - Lunar traverse map, Apollo 14 mission, 
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DESCRIPTION OF FIGURE 13 
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DESCRIPTION OF FIGURE 15 
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DESCRIPTION OF FIGURE 16 
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DESCRIPTION OF FIGURE 17(a) 
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Figure 17. 



DESCRIPTION OF FIGURE 17(b) 
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(b) Photograph of the rock shown in figure 17 (a) and probably figure 18 

(NASA no. AS14 -68-9409). 

Figure 17. - Concluded. 
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DESCRIPTION OF FIGURE 18 
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In any case, AS14-77-10371 and AS14-77-10372 are closeup photographs of either one or two rocks and the 
associated fillet material, which has never been photographed in detail before. 
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Figure 19. - Possibly a photograph of the rock shown in figure 18 
(NASA no. AS14-68-9417). 
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DESCRIPTION OF FIGURE 20 
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DESCRIPTION OF FIGURE 21 
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Figure 21. - One frame photograph (ALSCC frame 319, 
NASA no. AS14-77-10374). 
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